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DETECTION OF CONDITIONS BY ANALYSIS OF GASES OR VAPOURS 

This invention relates to a method and apparatus for detecting the 
occurrence of a condition in a respiratory subject, in particular to a method which 
comprises detection of emitted respiratory gases. 

It is known that the breath odour can provide an indication of certain 
conditions. A straightforward example is that of halitosis, or "bad breath". Another 
example is ketosis, wherein the presence of sweet smelling ketones and aldehydes in the 
breath can be an indication of diabetes. 

The present invention provides a method and apparatus for detecting 
numerous conditions from the gaseous or volatile species present in breath. For the 
avoidance of doubt, the terms "gas" and "gases" are taken to comprise any species 
present in the gas phase, including vapours from volatile liquids. 

According to a first aspect of the invention there is provided a method for 
detecting the occurrence of a condition in a respiring subject comprising the steps of: 

introducing emitted subject respiratory gases to a gas sensing device; 

detecting certain species present in said emitted subject respiratory gases 
with said gas sensing device; and 

correlating the presence of said species with the occurrence of the 
condition. 
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The method is rapid, since the analysis is direct - there is no need to perform 
time consuming culturing steps. Furthermore, the method provides non-invasive clinical 
screening and monitoring of many conditions. 

The respiring subject may be human. 

The gas sensing device may comprise an array of semiconducting organic 
polymer gas sensors. 

The gas sensing device may comprise a gas sensitive material, of which an 
electrical property may vary on exposure to gases. The gas sensitive material may 
comprise semiconducting organic polymer. 

The gas sensing device may comprise a mass spectrometer or a GC-MS 

device. 

The emitted respiratory gases may be obtained from a ventilator. In this 
way, on-line monitoring for the occurrence of a condition, or monitoring of the progress 
of a condition, is possible. 

The emitted subject respiratory gases may be introduced directly to the gas 
sensing device. 

The occurrence of an infection or a disease state may be detected. 

The occurrence of a lung disorder may be detected, which may be 
pneumonia, tuberculosis or a yeast infection. 



The occurrence of a gastrointestinal infection may be detected. 
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The occurrence of diabetes may be detected. 

The presence of alcohol may be detected. 

The occurrence of phenylketonuria may be detected. 

According to a second aspect of the invention there is provided a detector 
for detecting the occurrence of a condition in a respiring subject comprising a gas sensing 
device and means for introducing emitted subject respiratory gases to the gas sensing 
device, which device is adpated to recognise the occurrence of a condition in the subject 
when certain species present in said emitted respiratory gases are detected. 

The means for introducing emitted respiratory gases to the gas sensing 
device may comprise a ventilator.. The gas sensing device may be directly connected to 
the ventilator. 

Methods and apparatus in accordance with the invention will now be 
described with reference to the accompanying drawings, in which :- 

Figure 1 shows a first detector according to the invention; 

Figure 2 shows a second detector according to the invention; and 

Figure 3 shows response on a function of time for two patients 
presenting with pulmonary condition albicans. 

The invention comprises a method for detecting the occurrence of a 
condition in a respiring subject comprising the steps of: 
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introducing emitted subject respiratory gases to a gas sensing device; 

detecting certain species present in said emitted subject respiratory gases 
with said gas sensing device; and 

correlating the presence of said species with the occurrence of the 
condition. 

The method is primarily directed towards humans, although it will be 
apparent that it lends itself to the detection of conditions in many animals. 

The gas sensing device 10 comprises an array 12 of semiconducting organic 
polymer gas sensors 14, the presence of gases being detected by monitoring variations 
in the dc resistances of said sensors 14. Such devices are manufactured, for example, by 
AromaScan pic, Crewe, UK. There are many semiconducting organic polymers suitable 
for such devices : examples include polypyrrole and polyindole and substituted variants 
thereof. It is a property of such polymer that the adsorption of certain (usually polar) 
gases causes measurable conductivity changes, and hence such gases may be detected 
by monitoring changes in the dc resistance of the polymer. Because each polymer 
typically exhibits quite broad band sensitivities, an array of gas sensors are employed. 
This permits selective identification of a wide range of gases by recognising the 
characteristic "fingerprint" of response across the array (see, for example, J V Hatfield, 
P Neaves, P J Hicks, K Persaud and P Travers, Sensors & Actuators B, JJL12 (1994) 
221-228). The output of the sensors 14 is analysed by analysis means 22, which 
correlates the output pattern of sensor response with the occurrence of certain conditions. 
The analysis means 22 is usually a computer or microprocessor. A single such device 
can be used to recognise a number of conditions. The use of a trained neural network is 
particularly advantageous in this regard. 
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It is also possible to interrogate semiconducting organic polymers by 
applying ac electrical signal thereto and monitoring an impedance quantity of the 
polymers, or variations in such an impedance quantity, as a function of the frequency of 
the applied ac electrical signal (see, for example, British Patent GB 2 203 553 and M E 
H Amrani, R M Dowdeswell, P A Payne and K C Persaud, Proceedings of Eurosensors 
X, Vol. 2, (1996) pp 665-668). Using this approach, a single semiconducting organic 
polymer sensor can provide information equivalent, or actually superior, to that provided 
by an array of such sensors interrogated by the dc resistance technique. 

Other types of gas sensors which comprise a gas sensitive material might 
be employed, such as metal oxide semiconductor (MOS), quartz resonator or surface 
acoustic wave (SAW) devices. An array comprising a plurality of such devices would 
be utilised. Alternatively, a mass spectrometry or a GC-MS device might be used. 
Alternatively still, spectroscopic techniques such as infra-red spectroscopy might be 
employed. 

Advantageously, the emitted subject respiratory gases are introduced 
directly to said gas sensing device 10. As shown in Figure 1, this might be accomplished 
by a subject 1 6 exhaling into a tube 1 8, the tube 1 8 being in communication with a region 
20 containing the gas sensing device 10. The gas sensing device 10 might be purged 
with a inert gas, such as nitrogen, and a one-way valve might be positioned between the 
tube 1 8 and the gas sensing device 10, in order to retain the atmosphere of inert gas until 
the subject 16 exhales. Alternatively, the subject 16 may exhale into a receptacle, such 
as a bag, which is sealable so as to retain a headspace which may subsequently be 
introduced to the gas sensing device 10. The entire detector, comprising the gas sensing 
device 10 and the means 18 for introducing respiratory gases to the gas sensing device 
10, might be provided as a portable, possibly hand-held device. 
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The emitted respiratory gases can be obtained from a ventilator. Figure 2 
depicts such an arrangement, in which emitted respiratory gases are exhausted from the 
output 52a of a ventilator 52. An array of gas sensors 50 is directly connected to the 
output 52a of the ventilator, and thus continuously samples the respiratory gases of the 
subject. As described above, a single gas sensor might be provided. The gas sensing 
device is defined by the gas sensors 50, measurement means 54 for measuring the 
response of the gas sensors 50, and a computer 56, employed to control the overall gas 
sensing procedure and for data analysis purposes. It may be necessary to include filters 
or concentrators into the system. It is possible to reduce water content or to concentrate 
low levels of important volatiles using Tenax tubes, affinity columns and other purge and 
trap systems. 

Measurements were performed on the respiratory gases, obtained from 
ventilators, of two patients presenting with pulmonary Candida albicans, using a thirty 
two sensor semiconducting polymer instrument (AromaScan A32S). Measurements of 
response patterns were made once a day over a period of five days. 

Figure 3 shows the results in the form of a Sammon map (in which response 
patterns are reduced to a two dimensional coordinate), the rectangles 60 representing 
measurements of the respiratory gases of a first patient, and the triangles 62 representing 
measurements of the respiratory gases of a second patient. The data obtained from the 
second patient are quite stable, the response patterns being grouped in a tight cluster. 
This correlates with the fact that the patient was very stable, subsequently making an 
excellent recovery. In contrast, the response patterns obtained from the first patient vary 
greatly from day to day. This correlates with the fact that the patient was very unstable, 
and died on the fifth day of measurements. 
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There are numerous conditions which may be detected using the method of 
the present invention. Examples include lung disorders, such as pneumonia, lung cancer, 
tuberculosis or yeast infections such as Candida albicans, and gastrointestinal infections, 
such as those caused by helicobacter. Additionally, diabetes may be detected via a 
patient's breath, due to the presence of characteristic aldehydes and ketones, and the 
presence of alcohol in the patient's system can be detected by detecting same in the 
breath. Halitosis is also detectable, as is the occurrence of the liver disorder PKU 
(phenylketonumia). The latter is at present detected via urine tests. Other infections or 
disease conditions, such as heart disease, might be detectable. The technique may be 
used for screening purposes, for example in pre-clinical trials or in the detection of drugs. 

When monitoring is performed on-line using a ventilator, it is possible to 
interface the system to a drug delivery system so that optimal quantities of antibiotics or 
other drugs are administered. It is possible to select which drugs are administered 
depending on the analysis performed on the respiratory gases. Alternatively, or 
additionally, data fusion is possible in which the data provided by the present invention 
is combined with data from other sources, such as temperature, blood pressure, carbon 
dioxide levels, oxygen levels, data on anaesthetic gases and data on blood chemistry, to 
provide a vital signs index. 
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CLAIMS 

1 m A method for detecting the occurrence of a condition in a respiring subject 

comprising the steps of: 

introducing emitted subject respiratory gases to a gas sensing device; 

detecting certain species present in said emitted subject respiratory gases 
with said gas sensing device; and 

correlating the presence of said species with the occurrence of the 
condition. 

2. A method according to claim 1 in which the subject is a human. 

3. A method according to claim 1 or claim 2 in which the gas sensing device 
comprises an array of gas sensors. 

4. A method according to any of the previous claims in which the gas sensing 
device comprises a gas sensitive material. 

5. A method according to claim 4 in which an electrical property of the gas 
sensitive material varies on exposure to gases. 

6. A method according to claim 5 in which the gas sensitive material 
comprises semiconducting organic polymer. 

7. A method according to claim 1 or claim 2 in which the gas sensing device 
comprises a mass spectrometer or a GC-MS device. 
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8. A method according to any of the previous claims in which the emitted 
respiratory gases are obtained from a ventilator. 

9. A method according to any of the previous claims in which the emitted 
subject respiratory gases are introduced directly to said gas sensing device. 

10. A method according to any of the previous claims in which the occurrence 
of an infection or a disease state is detected. 

11. A method according to any of claims 1 to 10 in which the occurrence of a 
lung disorder is detected. 

12. A method according to claim 1 1 in which the lung disorder is pneumonia, 
tuberculosis or a yeast infection. 

13. A method according to any of claims 1 to 10 in which the occurrence of a 
gastrointestinal infection is detected. 

14. A method according to any of claims 1 to 10 in which the occurrence of 
diabetes is detected. 

15. A method according to any of claims 1 to 10 in which the presence of 
alcohol is detected. 

16. A method according to any of claims 1 to 10 in which the occurrence of 
phenylketonuria is detected. 

17. A detector for detecting the occurrence of a condition in a respiring subject 
comprising a gas sensing device and means for introducing emitted subject respiratory 
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gases to the gas sensing device, which device is adapted to recognise the occurrence of 
a condition in the subject when certain species present in said emitted respiratory gases 
are detected. 

lg w a detector according to claim 16 in which the means for introducing 

respiratory gases to the gas sensing device comprises a ventilator. 

19. A detector according to claim 1 8 in which the gas sensing device is directly 

connected to the ventilator. 
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